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(54) ION GUIDE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ion guide 
where efficiency of ion transmission does not decrease 
even when it is used in a vacuum, and to provide an ion 
guide by taking advantage of even the phenomenon that 
ions loose kinetic energy. 

SOLUTION: This ion guide is composed of plural 
electrode plates L1-L8 arranged orthogonal to an optical 
axis, and having holes for passing ions through at portions 
directly crossing to the optical axis, further repeating 
regular increase/decrease of impressed voltage between the 
odd electrode plates and the even electrode plates. Potential 
difference between the adjacent electrode plates is 
gradually decreased from the side of an ion entrance 
toward the side of an ion exit. With respect to the average 
potential between the adjacent electrode plates, potentials 
are impressed on the plural electrodes L1-L8 so as to form 
potential gradient as a whole on the optical axis between 
the ion entrance and the ion exit. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the ion guide used with a 

mass spectrometer. 

[0002] 

[Description of the Prior Art] There is what is generally called ion guide as a means to convey the 
ion in a vacuum. There are some modalities of them and there is what is called stacked ring lens 
which the many sheets [ several ] disk which made the round hole in a core which is illustrated to 
one of them in drawing 1 was made to follow in them. A polarity is reverse to the electrode disk 
which gets mixed up, the absolute value impresses the equal voltage to it by turns, and this conveys 
the ion to the shaft orientations of a stacked ring lens, vibrating ion near [ which the round hole 
opened ] a center. 
[0003] 

[Problem(s) to be Solved by the Invention] by the way, the collision with the molecule which will 
float in the ambient atmosphere if a degree of vacuum falls, although an ion guide has come to be 
used also under a low vacuum in recent years, and the ion under flight — frequent — happening ~ the 
result - ion ~ kinetic energy - gradually — losing ~ just ~ being alike — it continued, and flying 
became impossible and there was a phenomenon of deviating from an ion guide Drawing 3 shows 
this mode by the simulation. As an ion guide, this phenomenon led to the fall of the luminous 
efficacy of an ion transport, and was a big problem so that clearly from drawing 3 . 
[0004] Even if the purpose of this invention uses an ion guide under a low vacuum in view of the 
point mentioned above, it is to offer the ion guide to which the degradation of an ion transport does 
not happen. Moreover, ion is to find out a meaning positive also to the phenomenon of losing kinetic 
energy, and offer the ion guide using it. 
[0005] 

[Means for Solving the Problem] In order to attain this purpose, to this invention such an ion guide 
according to claim 1 Are arranged so that it may intersect perpendicularly with an optical axis, and it 
has a hole for making the fraction which crosses an optical axis and directly pass ion. Between the 
odd and even-numbered electrode plates, it is characterized by turning the potential difference 
between adjoining electrode plates to the outgoing-radiation opening side of ion from the incidence 
opening side of ion, and making it decrease gradually in the ion guide which consists of two or more 
electrode plates which repeat regular increase and decrement of impression potential. 
[0006] To this invention, moreover, such an ion guide according to claim 2 Are arranged so that it 
may intersect perpendicularly with an optical axis, and it has a hole for making the fi-action which 
crosses an optical axis and directly pass ion. In the ion guide which consists of two or more electrode 
plates which repeat regular increase and decrement of impression potential between the odd and 
even-numbered electrode plates When the mean potential between adjoining electrode plates is 
taken, it is characterized by impressing potential at two or more aforementioned electrode plates so 
that an electric potential gradient may be collectively produced on the optical axis between the 
incidence opening of ion, and the outgoing-radiation opening of ion. 

[0007] To this invention, moreover, such an ion guide according to claim 3 Are arranged so that it 
may intersect perpendicularly with an optical axis, and it has a hole for making the fraction which 
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crosses an optical axis and directly pass ion. In the ion guide which consists of two or more electrode 
plates which repeat regular increase and decrement of impression potential between the odd and 
even-numbered electrode plates While potential is impressed to two or more aforementioned 
electrode plates so that an electric potential gradient may be collectively produced on the optical axis 
between the incidence opening of ion, and the outgoing-radiation opening of ion when the mean 
potential between adjoining electrode plates is taken It is characterized by turning to the outgoing- 
radiation opening side of ion the potential difference between the aforementioned electrode plates 
which carry out contiguity from the incidence opening side of ion, and making it decrease gradually. 
[0008] Moreover, it is arranged so that this invention and such an ion guide according to claim 4 may 
cross at right angles at an optical axis, and it has a hole for making the fraction which crosses an 
optical axis and directly pass ion, and is characterized by changing the aforementioned electric 
potential gradient with time between the odd and even-numbered electrode plates in the ion guide 
which consists of two or more electrode plates which repeat regular increase and decrement of 
impression potential. 
[0009] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawin g 2 is one example of such an ion guide at this invention. In drawing 
2 , since it is shown briefly, the nvunber of sheets of the disk which constitutes an electrode Is 
lessened, and it has drawn. 

[0010] as for the disk which made the round hole which lets ion pass, the center of a round hole 
becomes equal to an optical axis as an electrode plate (L1-L8) — like, by regular intervals, it is put in 
a row in parallel, and several many sheets are arranged Although each electrode plate is not 
illustrated, by the insulating material, it is held and it is positioned. Moreover, a wiring is performed 
to these electrode plates through split resistance from power at each, the power (V1-V2) shown in 
drawing 2 to resistance (R1-R3) — minding — an electrode (L2, L4, L6, L8) — moreover, a voltage 
can be impressed now to an electrode (LI, L3, L5, L7) through resistance (Rl'-RS*) from power (V3- 
V4), respectively 

[001 1] Power potential and the value of resistance are set up so that three conditions shown below 
may be suited. Moreover, those values can be changed arbitrarily, and they are adjusted so that the 
transit luminous efficacy of ion may become the optimum. 

[— the — one — conditions — ] ~ R — one — R — two — R — three — R — one — ' — R — two — ' — R — 
three - ' - It is almost equal altogether. 

I V - one - I ~ = - I - V ~ three - | - | - V - two | - = - | - V - four - | V - one - > - V - 
two ~ [— the — two — conditions — ] — R — one ~ R — two — R — three — R ~ one — * ~ R — two ' - 

- R ~ three - ' — It is almost equal altogether. Vs> VI, and V2, V3 and V4, It is almost equal 
respectively. Ve 

Vr=Vl+Vs, V3'=V3+VsV2' =V2+Ve, V4'=V4+Ve, however here Vs (V start) and Ve (V end) 
power - potential — V ~ one — V — two — V — three — and ~ V ~ four ~ adding — having ~ 
potential - moreover ~ V — one — ' — V — three - ' ~ potential — an addition — after - ion — a guide 

— a start - a position — an electrode — setting up — having — potential — moreover — V — two — ' — 
V — four — * — potential — an addition — after — ion ~ a guide — and — a position 

[- the - three - conditions -] - R - one - R - two R - three - R - one - ' - R - two - * - R — 
three - ' - It is almost equal altogether. 

I V1H- V3|, |V2|=|-V4|VI>V2, and Vs>VeVr=Vl+ - Vs and V3 - '=V3+VsVZ - =V2+Ve and 
V4 -V4+Ve — this is the conditions by which the first conditions and second condition were 
compounded 

[0012] If a voltage is impressed to each electrode in relation with above-mentioned, on optical-axis 
A, the electric field which the saddle field-like the wall and trough of potential followed by turns will 
be formed as everyone knows. In the case of the first condition, the electric field which had the 
characteristic feature in which the height of the wall of potential and the depth of a trough become 
small gradually to the outgoing-radiation side from the incidence side of ion are formed. Moreover, 
in the case of the second condition, the electric field in which it had the characteristic feature to 
which the value becomes low gradually as the incidence side of ion had high potential and went to 
the outgoing-radiation side from the outgoing-radiation side are formed. Moreover, in the case of the 
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third condition, when the first conditions and second condition are put together, it corresponds, and 
from an incidence side, while potential becomes low gradually to an outgoing-radiation side, the 
electric field to which the size of a wall and a trough also becomes small gradually are formed. 
[0013] As potential in the point that each electrode plate surface and an optical axis cross, the mode 
of the electric field generated under each [ these ] condition is graph-ized, and is shown in drawing 
5 . (a) of drawing 5 , (b), and (c) correspond to the potential distribution in the ion guide under the 
first condTtion,lhe second condition, and the third condition, respectively. These increase the number 
of sheets of an electrode plate, and it is asked for them by calculation. 

[0014] If potential is set up so that the potential difference between adjoining electrode plates may be 
turned to an outgoing-radiation opening side from the incidence opening side of an ion guide as 
shown in drawing 5 (a), and it may be made to decrease gradually, since excessive amplitude 
movemenrwill not~be given to the ion to which the speed fell by the collision with a suspension 
molecule, an ion beam is completed on an optical axis and the effect which prevents deviation of the 
ion from an ion guide can be expected. 

[0015] Even if it collides with the gas molecule which floats while being a flight when the electric 
field which inclined towards the outgoing-radiation opening of ion from the incidence opening of ion 
are formed, as shown in drawing 5 (b) and the kinetic energy of ion falls, in moreover, the type 
where a part for the loss is compensated Since ion is accelerated in an operation of the inclined 
electric field, it will continue from an incidence point in time, and ion will continue flying to the 
outgoing-radiation opening side of an ion guide. The mode of a flight of this ion is shown in drawing 
4 by the simulation. Moreover, the mode of a flight of the ion under the conventional voltage 
Fmpression condition shown in dra wing 1 is shown in drawing 3 in a simulation. In these simulations, 
Ar ion is under the nitrogen amHenTatmosphere of 2xlO-3Torr, and it is asking for the flight tracing 
at the time of carrying out incidence on initial energy 20eV and conditions with an incident angle of 
**2 degrees. Even if ion collides with a gas molecule temporarily and kinetic energy decreases, it 
turns out that a flight can be continued favorably in the case of this example which has an electric 
potential gradient in an ion guide, so that clearly from a simulation. 

[0016] Moreover, as shov^ in drawing 5 (c), when the potential equipped with the characteristic 
feature of both drawing 5 (a) and the d rawing 5 (b) is given, the effect of making the ion to which the 
speed fell on the optical axis with thelifFect as which an ion beam is completed accelerating can also 
be expected. 

[0017] As mentioned above, although explained supposing the case where the ion guided is a cation, 
if this electric potential gradient carries out a setup which was made to reverse positive/negative and 
was doubled with the anion, the same result as the case of a cation will be obtained also to an anion. 
Moreover, since the influence of mass will be produced also in the ion guide of the type which 
originally does not have a mass dependency if the collision with a gas molecule is involved, when 
the ion which it is going to guide consists of two or more sorts of ion from which the mass number is 
different, in order to rectify this, you may carry out the sweep of the electrode potential continuously, 
or may be made to control electrode potential by type which doubles with the mass of the ion which 
it is going to guide and is jumped to a discontinuous value These are modifications to which the 
grade of the electric field formed is changed with time. 

[0018] Moreover, if the floating gas molecule and ion collide, although the kinetic energy which ion 
has will fall, it is also possible to consider the intended use of the ion guide as the so-called "ion 
cooling" which used this operation positively. In this case, the making the inclination of "ion 
cooling" promote further purpose, the electric potential gradient on the optical axis of an ion guide 
may be set as the reverse sense so that it may be in the "uphill" status instead of "going down", and 
you may decelerate ion positively. 
[0019] 

[Effect of the Invention] When a degree of vacuum is low since acceleration and slowdown of ion 
can be made to perform arbitrarily, if the ion guide of this invention is used as stated above, and the 
impingement rate of the ion which can give kinetic energy, can be made to accelerate ion when ion 
loses kinetic energy by the collision with the floating gas molecule, and carries out incidence 
conversely is too quick, the electric field of a reverse draft can be given and an ionic velocity can be 
decelerated. 
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